The results of a groundwater-meteoric isotopic research programme held during the period 2014-2017 in the area of Atalanti coastal area, Central Greece are presented in this essay. Thirty-six groundwater samples and twenty-seven rainwater samples from improvised rain collectors were collected during the period 10/2014-04/2015 and 10/2016-05/2017 respectively, analyzed in the laboratory of Isotope Hydrology of the University of Darmstadt in Germany for oxygen isotopes δ 18 O and Deuterium (δ 2 H or D). Oxygen and hydrogen stable isotopes were mainly collected in different hydrological conditions (peak precipitation amount in April, drought in October) at increasing distance from the source and at different altitude, from the upper part of the catchment to the lowest part nearby the coastline. These stable isotopes were employed as natural tracers to determine and identify the main recharge areas of the Atalanti drainage basin. Isotopic values (δ 18 Ο and D) were then defined in order to identify the groundwater flow path and groundwater residence time inside various geological-lithological formations. From the δ 18 O spatial distribution, the alluvial aquifer seems to be recharging from higher altitudes, through direct infiltration of modern precipitation and possibly laterally from the adjacent geological formations. These potential recharge areas were delineated by combining the isotopic and geological properties of the entire area with the contribution of GIS techniques. The precipitation's isotopic characteristics indicated that wet seasons were relatively depleted compared to dry seasons due to the rainfall amount showing also a significant shift of both the slope and the d-excess (intercept) in the meteoric local water line (LMWL) compared with others such as the world meteoric, Hellenic and Eastern water lines as a result of the enrichment of heavier isotopes probably attributed to evaporation both during the rainfall and surface runoff before infiltration. Elevated d-excess values were observed, probably due to water vapour originating from the Aegean or the mid-eastern Mediterranean. The distance of the station from the shoreline and the altitude were the main factors imprinted in the isotopic signature of precipitation. Inferred groundwater recharge elevations, estimated on the basis of the local vertical isotopic gradient of δ 18 O ranged between 150 and 750 m a.s.l. Statistics including both linear and multivariate regression analysis was applied to the isotopic data in precipitation and groundwater samples to determine the local meteoric and groundwater water line. The measured stable isotope ratios range from -9.70‰ to -5.67‰ and -52.78‰ to -38.44‰ for δ18O and δD, respectively. Isotopic maps and cross-sections were drawn to visualize spatial gradients which reflected the evolution of the water composition at progressive distance from the source. Finally, the secondary processes seemed to be a major factor affecting the initial isotopic signature since they were related to the specific geological and hydrogeological setting including the evaporation of soil and sub-soil water as well as the groundwater recharge is by direct rainfall infiltration with primary evaporation before reaching the groundwater table.
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Introduction
Environmental stable isotopes of oxygen and hydrogen (isotope hydrology) as conservative water tracers have been widely applied and established in a large variety of hydrological applications and groundwater resources' assessment as they provide valuable, applicable and supplementary information regarding water management, water origin, groundwater recharge zones (recharge mechanism), hydraulic connections between an aquifer and surface waters, groundwater circulation and flow path modelling, the mechanisms of salinization in coastal aquifers and basin hydrology as well [1] . Isotope studies may lead to a refined understanding of the flow and mixing of the recharge procedures in an area where classic techniques did not provide adequate information about the groundwater's recharge and origin. Also, isotope hydrology can provide such information because the spatial and temporal variations in the isotopic composition of precipitation are due to isotopic fractionation occurring during the evaporation of seawater and condensation during the advection of water vapour [2, 3] . The most relevant isotopes for hydrological sciences are 18 O for oxygen (corresponding to the most abundant isotope 16 O), and 2 H (or Deuterium, D) for hydrogen (corresponding to the most abundant isotope 1 H). These isotopes, during evaporation and condensation phases become enriched in one phase and depleted in the other. If the stable isotope content does not change within the aquifer, it reflects the origin of the water, particularly the location, season and processes of recharge. On the other hand, if the isotope content changes along groundwater flow paths, this reflects the history of the water, particularly the mixing and salinization process. Isotopic deviations from the precipitation to the groundwater contnet may indicate a long residence time and a mixing of different water source. For this purpose, the isotopic signatures of groundwater and rainfall are usually used that reflect the discharge and recharge characteristics of the study catchment.
The objective of the present study was to research the variations in the isotopic parameters of both groundwaters and precipitation occurring in Atalanti catchment to identify the recharge mechanisms, the recharge elevation, the groundwater's residence time, the groundwater-surface water interactions and exchange processes as well within the geological formations. Moreover, the oxygen/hydrogen isotope ratios are temperature dependent indicating the current climatic conditions and thus, evaluating on-going climatic changes. Differential fractionation of δD and δ 18 O occurs as a function of humidity during primary evaporation of water vapor from the ocean and as a function of temperature during secondary evaporation either prior or after the groundwater's infiltration. These two factors affect the slope and intercept of the Local Meteoric Water Line (LMWL) and produce a different LMWL at different locations due to condensation and evaporation processes. Occasionally, a unique terrain environment may create its own special local meteoric water line with a different slope and intercept (so-called d-excess). Greater d-excess than that globally observed, characterizes air masses of continental areas, due to intense evaporation of seawater in conditions of moisture deficit [4] [5] [6] . This effect has been widely observed in coastal precipitation in the eastern Mediterranean basin [6, 7] . The slope and intercept of any LMWL, which is the line derived from precipitation collected from local sites, can be significantly different from the global meteoric water line (GMWL). According to Mook [8] , in water cycle the values of δ 18 Ο and δD range between -450‰<δD<+100‰ and -50‰<δ 18 Ο<+50‰. The factors affecting the precipitation isotopic composition depend on local conditions such as the temperature, the latitude, the altitude, the continental effect (distance from sea), the seasonal effect, the amount of rainfall and finally, the kinetic effects [9] [10] [11] [12] .
Experimental Methods

Site Location and Regional Climate Conditions
The Atalanti watershed lies between 21 0 44΄-24 0 39 longitudes and 37 0 45-39 0 29΄ latitudes in Eastern-Central Greece covering an area and perimeter of 248 km 2 and 105 km respectively (Fig. 1 ). The drainage basin has flat relief mainly consisted of lowlands with gentle slopes up to 20 0 and steeper ones in highlands with slopes reaching 55 0 (approximately 3%). The study area is surrounded by hilly and mountainous ranges accounting only for 2.2% (>800 m) at the West and South (Mt. Chlomo) and washed by the sea at the East forming a complex geomorphology. The semi-mountainous topographical zone accounts for 4.5% (600-800 m) while the flat areas account for 39.5% (0-200 m) mostly concerning the coastal areas. Also, the hilly and semi-hilly areas occupy almost 54% (200-600 m) of the basin. Moreover, the basin's elevation begins from the sea level ending up to 1073 m above sea level (a.s.l.) crossed by a welldeveloped, partially dense and diverged dendritic drainage network which discharges into Aegean Sea.
At the coastal region the flat and hilly terrain prevails almost covering 76% of the whole basin area while the mountainous areas occupy only 24%. Also, only temporal streams exist, such as Alargino and Karagkiozis (4 th order by Strahler) flowing mostly during winter and spring after heavy rainfall events and forming as well V-shape rejuvenated valleys due to intensive tectonic activity. Within the mountainous ranges the first (1 st ) and second (2 nd ) order streams form steep slopes with deep river bed, in particular when carbonate geological formations prevail. Generally speaking, the drainage network within the lowlands is considered as dense due to semi-permeable formations (e.g. clays, silt, fine sand) while in the rocky areas the intensive and active tectonics has formed a significantly sparse drainage. As far as the climate conditions is concerned, the wider area is characterized by mild wet winters and hot, dry summers (typical Mediterranean climate with Csa type according to Köppen classification) with the mean annual precipitation and the air temperature equals to 819.1 mm and 16.8 °C respectively [13] [14] [15] [16] . Almost 75% of the total rainfall takes place in the wet season from October to April with significantly rainfall non-uniformity between the lowlands and highlands with observed higher values in the mountains and lower ones in the valleys (Kalliaros plain), as expected. The climatic main feature in the region is the rotation period of a wet and cold season starting in October, according to precipitation and air temperatures and a dry and a hot one, starting in May.
Geological and Hydrogeological Background
Geologically speaking, the study area belongs to the Subpelagonian geotectonic zone (internal Hellinides) in a closed basin with post alpine deposits covering the lowlands [17] . The deposits have come from the surrounding mountain range rocks. The Atalanti basin consists of formations which are as follows ( Fig. 2) : (a) Paleozoic formations (metamorhic-ultrabasic rocks) consisting of shales, schists, sandstones and conglomerates, (b) Triassic and Jurassic dolomites, limestones and ophiolitic rocks (gabbro, diabases, peridotites, serpentines), (c) Creataceous limestones and flysch comprising the bedrock along the eastern, northern and southern outcrops of the alluvial plain, (d) Tertiary (Neogene-Pleiocene) sediments that were deposited after the closed basin formation consisting of marls, calcareous marls, marly limestones, clays, sandy loams, lignite and conglomerates and (e) quaternary formations that have been deposited at the lower parts of the basin with materials derived from weathering of all previous formations, which come across at higher topographic positions such as coastal sandy and clay-sandy sediments, debris cones and loose sediments of silts, sands and pebbles. These sediments constitute the most recent formations covering the lowland part whereas in the coastal zone sand dunes and coastal sediments prevail. The main feature of the geological regime during Miocene is the large-scale faults in Atalanti basin which have created many faulting zones with directions towards West-Northwest and North-Northeast [18] [19] [20] . Finally, the Atalanti normal faulting zone of 30 km length with NW-SE direction has reactivated many other faults giving significant earthquakes of which two of them took place on April 1894 A.D. with magnitudes of 6.4 and 6.9 [21] [22] [23] . The hydrogeological behaviour of the aforementioned geological formations depends on the lithological composition, degree of diagenesis and porosity. Hydrogeologically speaking, the area of interest is consisted of two main groups of rocks in which the groundwater flow mechanism and the storage capacity vary considerably. The first group consists of granular formations in which the hydraulic conductivity is based on the pores between the grains. The second group is composed by hard basement rocks which are limestones and igneous rocks, the hydraulic conductivity of which depends on fractures, fissures, cracks, conduits, karst pipes and other discontinuities that cross their mass ( Fig. 3 ). Permeable and karstic formations favour groundwater infiltration, whereas impermeable ones, such as crystalline rocks, favour surface runoff. The main aquifer is developed in carbonate rocks; on the other hand, aquifers of lower hydrocapacity are developed in the Quaternary-Neogene formations and igneous rocks. It is estimated that there is lateral communication between aquifers in carbonate rocks and the Neogene-Quaternary deposits, forming unconfined and semi-confined aquifers. Unconfined aquifers are developed in carbonate rocks as well in granular formations with large effective porosity. On the other hand, the confined aquifers are developed within Neogene formations. The alluvial deposits due to their heterogeneity may be regarded as unconfined or semiconfined aquifers forming individual aquifers which are, though, practically interconnected and may be considered as a unified heterogeneous alluvial aquifer [13] with piezometric levels ranging from 1.2 to 86 m (below surface). Finally, ground water flow direction is mainly from West towards East, that is, to the sea (Gulf of Atalanti).
Fig. 3
Hydrolithological map of the study area. The red and blue dots show the groundwater and rain sampling sites respectively for the isotopic analyses
Methodology of Analysis
With isotope hydrology the altitude of the recharge area of an aquifer can be determined, as well as, the mixing between different types of groundwater, the degree of mixing of surface and groundwater, the rate of evaporation, the inflow and outflow of surface water systems, the groundwater salinization and the groundwater residence time in aquifers [24] . As isotopic ratio, R, of an isotope in a water sample, is the ratio of the number of atoms of the isotope in the sample to the total number of atoms of the same element in the sample. All the measurements need to be compared with a reference standard, so the statistical errors being negligible. Consequently, the notation δ is defined as follows, 
If the value of δ is negative (Rx -Rst < 1) then the sample is "depleted" in the light 16 O isotope (low amount of evaporation and high recharge altitude) while if it is positive (Rx -Rst > 1) the sample is "enriched" in comparison to the standard ( Fig. 4 ) which means lower recharge altitude and more exposed to the evaporation effect [25] .
Water found in soil and subsoil retains the characteristics of meteoric and surface water infiltrating the ground (unless mixed with other waters of different isotopic origin) so the stable isotopes can be functioned as natural tracers. In the process of oceanic water evaporation becoming inland rainfall, a sequence of isotope fractionations causes variations in the composition of the isotope values of Ο and Η in continental meteoric water. Since the process of fractionation is based on the process of the isotopes' equilibrium of evaporation, there is an equation that domains in the distributions of isotope values of oxygen and hydrogen in precipitation.
Fig. 4
Enrichment process and influence of the isotopic composition of the meteoric water in δ 18 Ο and δD and spatial distribution of δ 18 Ο -δD in the Eastern Mediterranean and globally [10, 26] The empirical equation found by Craig [27] [28] [29] [30] forms a linear regression method to analyze the oxygen and hydrogen isotopes' composition in precipitation, snow and river water around the world, known as the Global Meteoric Water Line (GMWL, Fig. 5 ),
δD = 8 δ 18 O + 10 (SMOW)
A later study implemented by the International Atomic Energy Agency (IAEA), water samples from rainfall stations only were collected globally forming the following equation [31] [32] [33] [34] [35] , δD = (8.13 ± 0.08) δ 18 O + (10.8 ± 0.64) (V-SMOW) However, some areas having different evaporation and humidity conditions (e.g., air temperature), or a unique terrain relief, create special local meteoric water lines with a different slope and intercept. This intercept is also called deuterium excess or d-excess (d = δD -8 δ 18 O). In tempered climates d-excess ranges between 0‰ and +20‰ [4, 5, 33] with mean global value of +10‰. However, areas may have different slopes and intercepts due to different rainfall evaporation conditions or source evaporation conditions in various air mass sources [2, 3, [36] [37] [38] [39] [40] . The isotopes obtain isotopic equilibrium since an isotopic fractionation does not occur. Rainwater which falls in coastal areas obtains, more or less, the same isotopic content as seawater, however, rainwater falling on the continental is generally depleted in both heavy isotopes ( 18 O and 2 H), the difference rate being increasing as the distance from the coastline increases. Generally, the rainwater in high altitude areas becomes more depleted in heavy isotopes than this in lowlands at coastal plains [41, 42] .
The stable isotopes of oxygen and hydrogen ( 18 O, 2 H) are often used for the water separation with different recharge areas. The coastal meteoric waters seem to have heavier isotopic composition compared with the inland waters. The continental waters area depleted in δD and δ 18 Ο having negative values. Nevertheless, the Mediterranean seawater which is highly evaporated takes positive δ-values of the above stable isotopes. Deviations to even more positive values ( Fig. 5 ) take place in areas where warmer, dryer and low relative humidity (<81%) climates prevail such as in Eastern Mediterranean with the Eastern Mediterranean Water Line (EMWL) being [6] ,
while for the Western Mediterranean is [43] , Moreover, the slope a of the general equation δD = α δ 18 Ο + d constantly changes from region to region taking values between 4 and 6 for highly evaporated waters, while waters with values close to 8 (a≈8) are proved to have meteoric origin with no or little evaporation process. Furthermore, a Local Mean Water Line (LMWL) can be formed in every area based on the precipitation isotopic measurements which is differentiated from Global Meteoric Water Line (GMWL). As illustrated in Fig. 5 , several meteoric water lines are drawn which are diverged from the GMWL such as the Hellenic Meteoric Water Line given by the equation [49] [50] [51] ,
Field Work, Sampling Process and Data Acquisition-Preparation
In order to fully evaluate and clarify the recharging and discharging aquifers' conditions, the groundwater flow regime and in particular the water resources' renewal rate, isotopic sampling (δ 18 Ο, δD) was performed from groundwater and meteoric water samples across the Atalanti catchment during both wet and dry periods. Each sampling location was geo-referenced by a portable global positioning system (GPS) to locate the points and to set up future field surveys. Isotopic analyses for both the groundwater and rain samples were conducted at the Isotope Hydrology laboratory of the University of Darmstadt in Germany. The rain water sampling was performed by improvised rain collectors. Specifically, groundwater sampling was carried out in 36 wells and boreholes during two campaigns from Oct-2014 to Apr-2015 covering an altitude from 2 m to about 500 m, while rain water sampling (single rainfall event) in 27 rain collectors was established during four campaigns between Oct-2016 and May-2017 on rainy days per 100 m elevation distance at different altitudes ranging from about 0 m to approximately 750 m a.s.l. (Fig. 6 ). Samples were collected in October to represent late summer and early fall precipitation, in January to represent mid-winter rainfall, in March to represent peak precipitation amount and in May to represent late spring and early summer precipitation.
Rain water was collected to establish the local meteoric water line (LMWL), which represents the isotopic signature of local rain, one of the most important input sources of the groundwater. Precautions were taken to avoid any evaporation of rain water during the retention time in the collector.
Available hydro-meteorological datasets from the official meteorological and hydrological stations were obtained from the Hellenic National Meteorological Service and the Ministry of Environment and Energy of Greece (Fig. 7) . All the sampling sites were allocated and spatially distributed across the Atalanti watershed, as presented in Fig. 8 , so as to obtain the isotopic character of the whole basin. Fig. 6 The sampling sites' altitude (m a.s.l.) both for groundwater and rainwater (in descending order) For the δ 18 O and δD measurements, the samples were collected in 50 mL polyethylene (HDPE) bottles directly from the source which were first rinsed in sample water several times and then filtered through cellulose filters (0.45 μm), filled to the top avoiding air bubbles inside and double tightly capped to minimise the air entrapment as well as to avoid the evaporation process and post-sampling fractionation. Once the samples were taken, they were stored in a portable fridge until they were transported to the laboratory for the analyses. The groundwater samples were taken after removing several well water volumes, using pumps already installed in these wells. This was done to remove the aquifer's stagnant water acquiring fresh water samples for analysis. Also, sampling procedure for precipitation was in accordance with IAEA guidelines. In particular, the stable isotope ratio of oxygen ( 18 O/ 16 O) was determined by conventional mass spectrometry (Isotope Ratio Mass Spectrometry -IRMS) with the measurement accuracy and precision of ±0.21‰ for the value of δ 18 O and ±0.53‰ for the value of δD.
Stable oxygen isotopic compositions were analyzed using the CO2-H2O equilibration technique [36] and hydrogen isotope analyses were performed using the zinc reduction method at 450 °C [40] . The measurements were reported (Tables 1 and 2) , hereafter, in delta (δ) notation as per million (‰) with respect to the international Vienna Standard Mean Ocean Water (V-SMOW) and also, geostatistical modelling was carried out so as to visualize the spatial variation of the obtained isotopic data.
Finally, it has to be pointed out that resampling has to be conducted to further refine the expected seasonal variation of the isotopic ratios across the study area.
Results and Discussion
Data Regression Analysis
The study of atmospheric precipitations as regards their isotopic composition (stable isotopes of δ 18 O and δD) was based on data from wells, boreholes and rainfall sites within the Atalanti catchment. Rainfall collectors related to the study area, did not significantly differ in latitude, thus the differences in the isotopic content attributed to this parameter were negligible. Oreography, in particular the altitude, as well as seasonality, have a significant effect on the isotopic composition of rainfalls and it has been proved that the value of δ 18 O decreases as altitude increases, while a gradient of δ 18 O of -0.437‰/100mm is estimated. The δ 18 O ranges from -9.70‰ V-SMOW, at an altitude of 720 m, while at sea level (~2m) it is -5.67‰ V-SMOW, while δD ranges from -52.78‰ to -38.44‰ V-SMOW. The impact of the distance from the sea to the precipitation's isotopic content was considered to be small due to the relatively small distances from the coastline (Fig. 9 ). The combined approach of this factor with that of altitude was found through the isotopic cross-sections ( Fig. 10 ) heading from the mainland to the coastline (Gulf of Atalanti), at which the δ 18 O value of each rainfall collector was recorded.
Based on the results from the rain collectors within the basin under study, the Local Meteoric Water Line (LMWL) was approached, based on data that have been less affected by evaporation processes, resulting in the following equation, This line relatively deviated from the line made for Greece by Argiriou and Lykoudis [44] . The study of stable isotopes in groundwater showed that the majority of hydropoints (wells and boreholes) were characterized by a slight relative change in the value of δ 18 O with respect to time and season.
The mean groundwater isotope composition was used to draw conclusions about the average recharge altitude of each sampling point, while comparing the pair of δ 18 O -δD values (groundwater sampling period of Oct-2014 and Apr-2015) with the Local Meteoric Water Line (LMWL) provided information about the origin of the groundwater and the salinization degree. At the same time, a comparison of this change with that of meteoric water may reinforce the above information or lead to a different interpretation, given that the isotopic composition of groundwater sometimes follows the change in the isotopic composition of precipitation ( Fig. 11) .
Groundwater mapping of the LMWL showed that the origin of almost all sites was meteoric with evidence of secondary evaporation processes, whereas the karstic spring of Tragana was found at the mixing zone of meteoric and sea water. The results of the analyses indicated a shift from the LMWL which obviously showed the effect of secondary processes. The slope of the line and d-excess continue to show the dominant effect of secondary processes on the alluvial aquifer, but to a lesser degree. In order to determine the average groundwater recharge altitude at each sampling site, the values of δ 18 O with the altitude for all pairs of values are shown in Table 3 . The collected rainfall samples were used to estimate the relationship between altitude and δ 18 O values by using the least squared equation approach (linear regression analysis). The average recharge zone altitude for each sampling site was estimated by using the following equation: y =a⋅x+b where y = the estimated average recharge zone altitude (m), a the slope of the least squared regression line connecting rainfall δ 18 O values and altitude, x = the sampling points average δ 18 O value and b the offset in y axis of the least squared regression line. The particular recharge zone altitude estimations are quite approximated since the available data to ascertain the accuracy of those estimations are limited, however, combined with other information such as the geology and topography can provide the identification for the recharge zones. Then, the particularly outcome was combined with the recharge zone altitude estimations and the main geological properties of the area to identify common recharge areas and the potential limits of the respective aquifers.
A high dispersion in δ 18 O concentrations is observed at low altitudes due to the fact that these aquifers are enriched by isotopically lighter water through streamflow or lateral flows. In addition, the evaporation phenomena in the soil and subsoil zone at low altitudes are more intense and therefore, in some cases the water is isotopically enriched due to evaporation. According to what has been reported about the relation of δ 18 O with the altitude, the alluvial aquifer appears to be recharged directly from the area in which they develop surface or possibly lateral to karstic and marshy groundwater, coming from areas of higher altitude. The rest of the research area seems to be recharged exclusively by the areas where the aquifer-hosted formations are superficially developed. The Atalanti-Livanates alluvial coastal aquifer is almost entirely recharged by water coming from higher altitudes. This water can be transported in two ways to the aquifer either by lateral groundwater recharge from the adjacent upstream aquifers or surface via the drainage network and by the flowing streams.
The alluvial aquifer had isotopically lighter water, which is due to the fact that these aquifers receive most of the enrichment from higher elevations. According to the linear relationship between δ 18 O and altitude and taking into account their strong correlation (R 2 = 0.98) it is possible to estimate the groundwater recharge altitude [52] based on the values measured at both sampling periods ( Table 3 and Fig. 12 ). It is assumed that the sampling points located at the outskirts of the watershed are mainly recharged from high relative elevations outside the basin in contrast to the rest, which are predominantly within the sedimentary deposits, where the recharge area may have originated from areas within the catchment. High δ 18 O values, i.e. indicating an enrichment (near V-SMOW), lead to the conclusion of groundwater origin through direct infiltration from meteoric water, which means that the groundwater flow is quite short, thus associated with local enrichment conditions. Fig. 12 The mean isotopic ratios' variation (left) of the δ 18 Ο and δD both for groundwater (blue solid line) and meteoric (green solid line) water. On the right, the observed δ 18 Ο values in groundwater vs the estimated mean recharge altitude (m a.s.l.) regarding the line of isotopic depletion (local vertical isotopic gradient) with altitude of the precipitation at different elevations
Multivariate Statistical Approach
In addition to the simple linear regression analysis, multiple regression analysis was also performed to define the weight percentage of each factor affecting the isotopic ratio values [40, 53] . The criteria in developing the linear model were to select monitoring points unaffected by other factors that may cause isotopic fractionation in order to capture the groundwater infiltration. Groundwater data were compared to precipitation data, in order to define the origin of the groundwater and to investigate the existence of evaporation processes that might have altered the original isotope values of the samples.
Multiple linear regression analysis is a statistical tool that allows examining how multiple independent variables (Χ1, Χ2,…, Χn) are related to a dependent variable (Υ). Once identified how these multiple variables relate to a dependent variable, one can take information about all of the independent variables and use it to make much more powerful and accurate predictions. Adjust criteria for the multiple regression equation to the observed data are the correlation coefficient R, the determination coefficient R 2 and the adjusted R 2 . The aforementioned analysis took into account that δ 18 O and δD as dependent variables were a linear function of the rest isotopic independent variables based on Pearson's correlation matrix expressed as [54] , Y = bo + b1 X1 + b2 X2 + b3 X3 + b4 X4 + b5 X5 + b6 X6 + b7 X7 + b8 X8 + ε δ 18 O or δD = bo + b1 ELEV + b2 DIST + b3 LAT + b4 PREC + b5 TEMP + b6 AET + ε where, ELEV, DIST, LAT, PREC, TEMP and AET are the elevation, the shoreline distance, the latitude, the mean over-annual precipitation, the mean over-annual temperature and the mean over-annual actual evapotranspiration, respectively, ε is the error, namely, the difference between the measured and predicted value of the dependent variable, bo is the constant, namely, the intercept and b1…6 are the multiple regression coefficients which describe the independent variables' influence.
In order to better understand the relationship between the isotopic ratios δ 18 O -δD and the factors affecting their values, the linear correlation in tabular form (Tables 4 and 5) of both groundwater and meteoric water was studied. The stable isotope composition (δ 18 O) of groundwater was considered the response variable, whereas the driving factors of the stable isotope composition of precipitation (e.g. latitude, elevation, distance from the sea, precipitation amount, temperature, evapotranspiration) were considered the independent variables [10] .
These tables showed that for the groundwater there was a good correlation of δ 18 O -δD with altitude and mean over-annual rainfall and poor correlation with latitude, while for meteoric water all parameters showed good to very strong correlation except for latitude effect, which was expected due to the relative proximity of the sampling points ( Fig. 13 ). It has to be noted that the tables below do not include the seasonal effect because the measured values of the isotopic ratios for both groundwater and meteoric water were for a few periods during a hydrological year, thus, no safe conclusions could be drawn as far as the seasonal effect is concerned. The applied statistical analysis resulted in the following linear equations for groundwater and meteoric water, respectively: The correlation coefficient R is 0.936, the determination coefficient R 2 equals to 0.921 which means that the model explained the 92.1% of the variance and the adjusted R 2 is 0.919 meaning that the use of these factors as independent variables could accurately predict the dependent variable of δ 18 O and δD (Fig. 14) .
Groundwater
Conclusion
In the case study described above, the stable isotopic composition of precipitation and groundwater as well as the recharge mechanism of aquifers and the groundwater flow path by using δ 18 O and D values during the period 2014-2017 (36 groundwater samples and 27 rainfall ones) was examined and analyzed by studying their spatial distribution either independently or in comparison. The isotopic gradient defined in this study was -0.437 δ 18 O‰ per 100 m elevation. The results showed that the groundwater samples were of a meteoric origin in the Atalanti basin and the residence time was long enough. Also, the temporal variations caused by the meteoric recharge were negligible, in general. Moreover, the study showed that the stable isotopes compositions of precipitation decrease with increasing rainfall amount and air temperature. The isotopic ranges of the groundwaters were relatively smaller and more depleted than those of precipitation indicating that the groundwater mainly came from upstream precipitation. The inferred mean recharge altitude, as it was defined with the help of oxygen isotope ratios, was in agreement with the topographic contours (strong spatial coherence), geological and hydrogeological settings, according to in situ observations. The recharge contributing to groundwater appears to be derived from a mean elevation ranging from 150 to 750 m a.s.l. The relationship between δ 18 O and δD, for precipitation and well water samples, showed shifts of both the slope and the d-excess (ranging values from 10 to 15‰) when compared to the world meteoric (WMWL), eastern mediterranean (EMWL) and Hellenic (HMWL) meteoric water lines suggesting the precipitation in the groundwater comes from the Mediterranean sea strongly affected by evaporation and secondary processes. The deviation of data points from the meteoric lines could be attributed to evaporation both during the rainfall and by surface runoff before infiltration. Furthermore, a predictive multilinear regression model for oxygen isotopic spatial patterns in groundwater and rainfall was developed using elevation, latitude, temperature, evapotranspiration and distance to the sea as predictive variables.
The applied model finally explained over 90% of the overall isotopic variance observed in rainfall and almost 80% in groundwater as far as the function mechanism is concerned. In conclusion, the use of isotopic methods in hydrogeology contributes significantly to the solution of problems and the examination of physical procedures that are difficult to deal with the conventional ways of study. The sampling campaign, however, should include more seasons and many more rainfall isotopic analyses so as to refine the relationship between the recharge altitude and the δ 18 O values.
